Objective. To assess whether being employed in a smoke-free workplace is associated with living in a smokefree home in 15 low and middle income countries (LMICs).
Introduction
Approximately 600,000 deaths are attributable to secondhand smoke (SHS) exposure globally each year (Öberg et al., 2011) . Adverse health effects from SHS exposure include sudden infant death syndrome and respiratory disorders in children and lung, breast cancer (California Environmental Health Protection Agency, 2005; Johnson et al., 2011) , cardiovascular disease and poorer reproductive outcomes in adults (U.S. Department of Health and Human Services, 2006; World Health Organization, 2011) . The bulk of the burden from SHS exposure falls on women and children living in low and middle income countries (LMICs), where 80% of the world's smokers reside (World Health Organization, 2013a) and where SHS exposure at home is typically high, ranging from 17% in Mexico to 73% in Viet Nam among countries participating in the Global Adult Tobacco Survey (GATS) (King et al., 2013) . Further, SHS exposure at home among non-smokers is higher among females compared with males (King et al., 2013) .
Comprehensive smoke-free policies have high levels of public support and have been associated with substantial health benefits (Fong et al., 2006; IARC, 2009; Tang et al., 2003) . These include reduced tobacco consumption and increased quit attempts, the virtual elimination of SHS from workplaces, lower hospital admission rates for myocardial infarction and stroke, lower admissions for acute respiratory illness in both children and adults Tan and Glantz, 2012) , and lower rates of small for gestational age births (Kabir et al., 2013) . However, these health benefits are not equitably distributed as only 16% of the world's population are covered by comprehensive smokefree policies (World Health Organization, 2013b) .
Research evidence suggests that smoke-free workplace policies may change social norms about exposing others to SHS in the home (Berg et al., 2012; Cheng et al., 2011; Fong et al., 2006; St. Claire et al., 2012) . These findings indicate that early concerns that smoke-free workplace policies would lead to behavioural compensation through an increase in smoking at home have not materialized; rather, results from richer countries (Berg et al., 2012; Cheng et al., 2011; St. Claire et al., 2012) and India have consistently found that people employed in a smoke-free workplace are more likely to live in a smoke-free home. Replication of this finding in other LMICs would indicate that implementation of smoke-free policies in these settings will likely result in substantial reductions in tobacco related harm globally. This study examines whether there is an association between being employed in a smoke-free workplace and living in a smoke-free home in 15 LMICs participating in GATS between 2008 and 2011.
Methods

Study design, setting and data
This study involved secondary analysis of GATS data from 15 LMICs. GATS is a nationally representative cross-sectional household survey of noninstitutionalized adults aged 15 years and over (World Health Organization, 2013c) . It is considered to be the global standard for monitoring adult tobacco use and key tobacco control indicators. GATS employs standardized survey methodology with a few country-specific variations in the questionnaire, and is designed to collect household as well as individual level data. Multi-stage cluster sampling design is employed in GATS to select a nationally representative study sample. Between 2008 and 2011, the first round of GATS was implemented in 17 LMICs in five WHO regions (Centers for Disease Control and Prevention, 2013a). Country-specific, anonymous GATS data for 15 of the 17 LMICs (all but Indonesia and Malaysia) was freely available from the CDC GTSS Data website, which was used for secondary data analysis. Poland and the Russian Federation are now classified as high income countries by the World Bank; however, when first round of GATS was conducted in these countries in 2009, they belonged to the upper middle income category. Therefore, for the purpose of our study, we treated them as middle income countries.
Study participants
We used individual level data from the first round of GATS in each of the 15 LMICs. GATS respondents in each country who reported working indoors (or both indoors and outdoors) but outside their home were included as participants for this study. Observations with missing values in the dependent or independent variables were dropped to obtain a final sample for each country. The proportion of missing cases ranged from 0.1% in Uruguay to 8.5% in China (Table 1) . Table 1 describes the total number of participants included in our study from each of the 15 LMICs which ranged from 1174 in Romania to 12,912 in Brazil.
Measures
The GATS questionnaire includes core questions on tobacco use, SHS exposure at work and in the home, and socio-demographic information. For the present study, the dependent variable was 'living in a smoke-free home'. A participant was classified as living in a smoke-free home if he/she replied 'never' to the question: How often does anyone smoke inside your home? If the participant responded 'daily', 'weekly', 'monthly', or 'less than monthly', he/ she was considered as not living in a smoke-free home. The independent variable was 'being employed in a smoke-free workplace'. The participant was classified as employed in a smoke-free workplace if he/she answered 'no' to the question: During the past 30 days, did anyone smoke in the indoor areas where you work?
The potential confounders included were: age group, gender, residence, education, occupation, current smoking, current smokeless tobacco (SLT) use and number of household members. A country-specific region variable was also included for India, Thailand, China, Brazil, Poland and Ukraine (this information was not available for other countries). Current SLT use was not included as a covariate for Uruguay, Romania and Turkey as there were only a very small number of users or no data on SLT use was available. In China, the occupation variable consisted of five categories rather than two as the categorization for employment differed substantially from other countries (Centers for Disease Control and Prevention, 2013b). Due to a negligible number of participants educated up to primary level in Romania, Russian Federation and Ukraine, we merged these with the 'up to secondary level' education category. See Supplementary Table for a detailed description of the definitions of variables used in this study.
Statistical analysis
We conducted country-specific, individual level data analysis for each LMIC. We tested for bivariate associations between the independent variable with the dependent variable using Chi-square tests. Country-specific multiple logistic regression models were run to estimate the adjusted odds ratio (AOR) and 95% confidence interval (95% CI) of living in a smoke-free home if employed in a smoke-free workplace compared with being employed in a workplace where smoking occurred. The logistic regression models were adjusted for all the covariates described above (with country-specific exclusions) to minimize confounding and ensure comparability of findings across countries. Age and number of household members were treated as continuous variables. In Brazil, the 'education' variable was not included in the model because the variable definition was not comparable with other GATS countries (Palipudi et al., 2012) , however, we did conduct a sensitivity analysis by including education variable in the model and found that the results were consistent with those obtained without including it in the model.
We tested for multicollinearity between the covariates adjusted for in the analysis for each country. The multicollinearity diagnostics variance inflation factor (VIF) values were all less than five, indicating reasonable independence between the predictor variables for each country-specific model (Glantz and Slinker, 2001 ). The only exception to this was the covariate 'education' in Poland where VIF values were less than 6.5. The variable 'national region' was removed from the model in Egypt due to collinearity. Country-specific sampling weights were applied for all analyses to account for the complex study design.
To estimate the overall association of being employed in a smoke-free workplace with living in a smoke-free home across the 15 LMICs, we calculated a pooled AOR and 95% CI using a random effects meta-analysis based on the AOR's from the individual countries (The random effects metaanalysis accounts for heterogeneity between countries, p b 0.0005.). All the statistical analyses were conducted using STATA v.12.0.
Results
Descriptive statistics
Of the participants employed indoors outside the home, the percentage reporting a smoke-free workplace was 83% in Uruguay, 81% in Mexico, 76% in Brazil, 74% in Thailand, 70% in India, 68% in Ukraine and Philippines, 66% in Romania and Poland, 64% in Russian Federation, 63% in Turkey, 44% in Viet Nam, 40% in Egypt and 35% in Bangladesh and China (data not shown). In all the 15 LMICs, the percentage of participants living in a smoke-free home was higher among those employed in a smoke-free workplace compared with those employed in a workplace where smoking occurred ( Fig. 1 , Table 1 ). Among participants employed in a smoke-free workplace, the percentage living in a smoke-free home varied from 21% in China to 75% in Mexico. Among participants employed in a workplace that was not smoke-free, the percentage living in a smoke-free home varied from 9% in China to 69% in Mexico. Table 1 describes the country-specific percentages of participants reporting living in smoke-free homes by their socio-demographic characteristics.
Multiple logistic regression analysis
There were significant positive associations between being employed in a smoke-free workplace and living in a smoke-free home in all the LMICs except Uruguay and Mexico (Fig. 2, Female participants were less likely than males to live in a smokefree home in most LMICs but associations were only significant in India, Bangladesh, Brazil, Poland, Russian Federation, Turkey, Ukraine and Egypt. Participants from urban settings in India, Thailand, China, Philippines, Viet Nam, Brazil and Egypt were significantly more likely Table 1 Description of participants living in smoke-free homes among those working indoors in GATS countries (2008) (2009) (2010) (2011) In Brazil, education categories were defined differently and were incomparable to those from other GATS countries. c In Uruguay, there were no current smokeless tobacco users in the study population. d In Romania, the category 'Primary' for the education variable contained only 1 case and hence, was merged with the category 'Secondary'. Moreover, the study sample in Romania contained only six cases of current smokeless tobacco users which constituted a negligible proportion and hence has not been presented in the table. e In Russian Federation and Ukraine, the category 'Primary' for the education variable contained only 10 and 8 cases respectively and hence, were merged with the category 'Secondary'. f In Turkey, no data was available on current smokeless tobacco use from the GATS survey.
to live in a smoke-free home compared with those from the rural settings. In contrast, participants from rural settings were significantly more likely to live in a smoke-free home in Romania, Russian Federation and Ukraine. The likelihood of living in a smoke-free home significantly increased with increasing education level in India, Bangladesh, Thailand, Philippines, Ukraine and Egypt. Non-smokers were consistently more likely to live in a smoke-free home than smokers. No association was observed between SLT use and living in a smoke-free home.
Discussion
This study utilized data from the first round of GATS, conducted in 15 LMICs between 2008 and 2011, to examine whether being employed in a smoke-free workplace is associated with living in a smoke-free home. We found positive associations in all of the 15 LMICs studied (13 out of 15 being statistically significant) in individual level country-specific analysis. The pooled estimate indicated that participants employed in a smoke-free workplace were 60% more likely to live in a smoke-free home compared with those that worked where smoking occurred. These findings are consistent with those from previous studies conducted in high income settings. Cheng et al. (2011) in a longitudinal study conducted in the USA suggested that living in smoke-free homes was four to seven times more likely among those employed in a 100% smoke-free workplace (compared with those employed in workplaces where smoking occurred). Another longitudinal study found similar reductions in smoking at home after the introduction of comprehensive smoke-free policies in Ireland (85% to 80%; p = 0.002) and the UK (82% to 76%; p = 0.003) (Fong et al., 2006 ). An evaluation of the smoke-free policy introduced in New Zealand in 2004 suggested that SHS exposure at workplaces decreased from 20% to 8% and the proportion of smoke-free homes increased from 64% to 70% between 2003 and 2006 (Edwards et al., 2008) . Bold values indicate a significant association between the independent variable and the dependent variable, compared with the reference category (p b 0.05). a Adjusted odds ratios and 95% CIs obtained from country-specific individual-level multiple logistic regression models adjusted for age, gender, place of residence, education, occupation, current smoking, current smokeless tobacco use and number of household members. A country-specific region variable was also included in the models for India, Thailand, China, Brazil, Poland and Ukraine (not shown in the table to maintain uniformity as regions varied by country). b Region variable was excluded from the country-specific regression model in Egypt due to collinearity (VIF N 13).
Article 8 of WHO Framework Convention on Tobacco Control (FCTC) requires parties to adopt and implement measures to reduce exposure to tobacco smoke in indoor workplaces, indoor public places, public transport and other public places (World Health Organization, 2003) . However, disparities observed in the implementation and enforcement of Article 8 of FCTC in LMICs (World Health Organization, 2013b) suggest that these benefits are not being fully realized. Our study identified substantial differences in the percentage of participants employed in a smoke-free workplace who were living in a smoke-free home. This varied from 21% in China to 75% in Mexico. These findings highlight the role of other determinants of SHS exposure in the home, including smoking prevalence, the implementation of other tobacco control strategies and cultural norms, which vary considerably in the countries studied. Knowledge and attitudes about the harms of SHS exposure are also likely to play an important role in variations in the adoption of smoke-free homes (Centers for Disease Control and Prevention, 2007) . A recent study conducted in United States has shown that clean indoor air laws increase the likelihood of having voluntary smoke-free homes by 3-5% (Cheng et al., 2013) . Despite the observed country-specific variations in the strength of association, the consistency of the observed relationship across major LMIC settings is noteworthy and favours comprehensive smoke-free policies as recommended by the WHO (World Health Organization, 2011).
Our study additionally implies that the benefits which arise out of smoke-free workplace policies are not only restricted to the direct health and economic benefits (IARC, 2009 ), but may also extend to changing societal norms around SHS exposure in the home in LMICs. Highlighting the role of social contingencies and cultural influences in SHS exposure, Hovell and Hughes (2009) suggest that acceptability of smoking demonstrates an attitude of cultural tolerance towards smoking and SHS exposure, which ultimately leads to widespread recognition of smoking and exposing others to tobacco smoke as normative behaviour. Smoke-free policies serve to disrupt such reinforcement of smoking and SHS exposure, thereby aiding effective tobacco control (Hovell and Hughes, 2009 ). Our findings suggest that smoke-free policies may consistently lead to spreading of smoke-free norms in all of the major LMICs studied, irrespective of country-specific variations in tobacco use and implementation of smoke-free policies. Further, smoke-free policies can bring about behaviour change (quitting or prevention of smoking initiation) through such normative influences (Brown et al., 2009) .
Our results show that women were less likely to live in a smoke-free home compared with men in most of the LMICs studied. This is not surprising given the generally higher prevalence of smoking among men in these settings (Giovino et al., 2012) . Women and children are usually exposed to SHS due to smoking by spouses or other family members at homes in LMICs, many of which still follow patriarchal norms (Visvanathan et al., 2011) , making it likely that women have little authority over allowance of smoking at home (Nichter et al., 2010) . Other explanations of high SHS exposure among women may include having no household rules for smoking, poor knowledge about the risks of SHS exposure and misconceptions regarding tobacco use (Nichter et al., 2010) . We reiterate the recommendations of Öberg et al. (2011) , who favour empowering and educating the women in LMICs to promote smoke-free policies to protect themselves and their families from SHS exposure.
In most of the LMICs studied, participants in urban settings were more likely to live in a smoke-free home compared with those from rural settings. This could partially be explained by the typical enclosed structure of urban dwellings, which prevents smoke from dissipating to the outside environment and make smoke undesirable in this setting, compared with the rural dwellings which typically have more open space, that would allow the smoke to dissipate faster into the surrounding outer environment thereby minimizing discomfort due to the smoke.
Strengths and limitations
We used nationally representative GATS data from 15 LMICs, which include some of the most populous nations of the world. We found a consistent association between being employed in a smoke-free workplace and living in a smoke-free home across these vastly differing cultural settings, which have different smoking prevalence rates and varying implementation of tobacco control policies, including smokefree policies. Our data were cross-sectional and restricted our ability to determine causal direction. However, previous longitudinal studies conducted in high income countries have demonstrated that persons employed in a smoke-free workplace are more likely to live in a smoke-free home prospectively (Cheng et al., 2011 (Cheng et al., , 2013 Edwards et al., 2008; Fong et al., 2006) . Future longitudinal studies should be undertaken in LMICs to rule out the possibility of reverse causation. Educational and occupational classifications varied and were not always comparable between GATS countries e.g. occupation in China and education in Brazil. For these, we conducted sensitivity analyses after excluding these variables from the analyses and our results remained substantially unchanged. We relied on self-reported measures for exposure to SHS at home and workplaces in the absence of biological markers such as cotinine levels. However, a good correlation has been shown between cotinine levels and self-reported measures in previous studies (Emmons et al., 1994) .
Policy implications
The United Nations High Level Meeting on non-communicable diseases (NCDs) in September 2011 recommended establishing tobacco-free workplaces as an important component for NCD prevention and control (United Nations, 2012). Our findings strengthen the case for rapid implementation of smoke-free policies in LMICs involving complete elimination of smoking and SHS exposure from workplaces. However, leadership and action at the national level by governments is the key for strengthening the implementation of smoke-free policies. The Government of Russian Federation recently demonstrated such leadership by enacting new comprehensive tobacco control policies, which resulted in smoke-free policies being extended beyond indoor public places to outdoor public places such as playgrounds and beaches from June 2013 (Campaign for Tobacco-free Kids, 2013; World Lung Foundation, 2013) . From 2014, all the hospitality venues shopping areas, public transport, terminals and ports in Russian Federation are required to be 100% smoke-free.
Conclusion
Associations between being employed in a smoke-free workplace and living in a smoke-free home, previously demonstrated in high income countries, also exist in the LMICs. Accelerating implementation of comprehensive smoke-free public place policies is likely to result in substantial population health gain in these settings.
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